Antioxidant and Antimicrobial Properties of the Extracts from Pleurotus ostreatus M2191 and PQMZ91109 by VAMANU, Emanuel et al.
 381 
Bulletin UASVM Animal Science and Biotechnologies, 68(1-2)/2011 
Print ISSN 1843-5262; Electronic ISSN 1843-536X     
 
Antioxidant and Antimicrobial Properties of the Extracts  
from Pleurotus ostreatus M2191 and PQMZ91109 
 
Emanuel VAMANU1), Mihaela ENE2), Adrian VAMANU1), Diana PELINESCU3),  
Ionela SÂRBU3), Sultana NITĂ4), Veaceslav BARCARI1) 
 
1)University of Agronomic Sciences and Veterinary Medicine, Faculty of Biotechnology,  
59 Mărăşti Bd., Bucharest, Romania; email@emanuelvamanu.ro   
2)National Institute for Physics and Nuclear Engineering “Horia Hulubei”,  
407 Atomistilor Street, Măgurele, Romania 
3)University of Bucharest, Faculty of Biology, 91-95 Splaiul IndependenŃei,  
76201 Bucharest, Romania 
4)National Institute of Chemical-Pharmaceutical Research-Development,  
112 Vitan Road, Bucharest, Romania 
 
Abstract. The aim of this work was focused on the obtaining of Pleurotus ostreatus mycelium 
(Pleurotus ostreatus M2191 and PQMZ91109) by submerged fermentation, in order to get freeze-
dried biomass and extracts with high antioxidant and antimicrobial activities. The tests were 
performed at 25oC, in 300 ml Erlenmeyer flasks. The most effective carbon source and the optimum 
agitation speed were determined, in order to cultivate the two strains in a medium containing 2% malt 
extract and 2% peptone. For both strains the optimum agitation speed was established at 150 rpm. The 
most effective carbon source for Pleurotus ostreatus M2191 was glucose (15%) and, for Pleurotus 
ostreatus PQMZ91109, sucrose (10%). The obtained biomass was freeze-dried and was submitted to 
ethanol and pure methanol extraction. It resulted that Pleurotus ostreatus M2191 and PQMZ91109 
strains had an antioxidant activity by 17% higher on average when ethanol was used as solvent, 
respectively by 53.43% for methanol. The phenols quantity for Pleurotus ostreatus M2191 strain was 
by 42.38% higher as compared to Pleurotus ostreatus PQMZ91109, for ethanol. In the case of 
reducing power, the results proved a similar trend for the two strains, the ethanol extracts being the 
most effective for M2191 and the methanol extracts, for PQMZ91109. The two Pleurotus species 
proved narrow antibacterial activity against Gram-negative and Gram-positive bacteria and two 
Candida strains tested. 
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INTRODUCTION 
 
Mushrooms are considered to be functional food products. They were used in 
traditional medicine throughout the world, ever since the ancient times. A lot of research has 
been performed, particularly in Asian countries, in relation to the antitumor effect of 
mushrooms and metabolites thereof in the treatment of human diseases. Mushroom 
metabolites are regularly used as immunostimulants and they are considered to be one of the 
most effective antitumor agents. Therefore, searching for new strains with antitumor effects 
for the synthesis of such substances is a current research subject (Jose and Janardhanan, 2000; 
Shnyreva et al., 2010; Synytsya et al., 2008).   
Certain mushroom species have components, which, in various concentrations, prove 
antimicrobial effect. Aqueous and/or alcoholic extracts from mushrooms have a large range of 
antimicrobial action. This property may be attributed to the presence of bioactive metabolites.  
Thus, methanol extracts from Pleurotus eryngii var. ferulae have had antimicrobial activity 
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against species of the Bacillus, Staphylococcus, Escherichia, Klebsiella, Candida, 
Trichophyton or Epidermophyton strains (Akyuz and Kirbag, 2009).  
Currently, a large range of mushrooms species are grown in liquid medium.  The 
obtained mycelium is used for various applications, such as obtaining dietary supplements, 
pharmaceutical applications, conversion of waste into biomass and production of enzymes 
(Gregori et al., 2007).  
Pleurotus ostreatus is one of the most frequent edible mushrooms throughout the 
world. It is also used as a condiment in vegetable soups and it may also be fried and may 
replace meat. (Iwalokun et al., 2007) It is considered to be the third most grown macro-fungus 
for food and industrial purposes in the world. It contains vitamins B1 (thiamine), B2 
(riboflavin), B5 (niacin), B6 (pyridoxine) and B7 (biotin) (Solomko and Eliseeva, 1988).  
 
MATERIALS AND METHODS 
  
Strains and cultivation conditions. The researches were conducted within the Animal 
and Vegetal Biotechnologies Lab, Biotechnology Faculty–USAMV Bucharest, between 
August-October 2010. A Pleurotus ostreatus M2191 strain was obtained from Mycelia - 
Belgium and a Pleurotus ostreatus PQMZ91109 sampled from a poplar stem. The strains 
were kept in Nalgene cryotubes, in 20% glycerol, at -800C. The inoculum was obtained 
through cultivation at 100 rpm, during seven days, in a medium containing 2% malt extract 
and 2% peptone. 
For each strain, the carbon source was established, selected between the glucose, the 
lactose and the sucrose. Also, the concentration of this source and the stirring in lab 
conditions were determined, at 250C. The studies were performed in a cooling LabTech 
incubator. The biomass was isolated through centrifuging, with a Centurion C2041 centrifuge 
and it was submitted to freeze-drying in a Alpha 1-2 LD freeze-dryer, in the absence of a 
cryoprotecting agent (Synytsya et al., 2008; Akyuz and Kirbag, 2009).  
Obtaining Pleurotus ostreatus extracts. The freeze-dried biomass was submitted to the 
ethanol and methanol extraction through stirring at 150 rpm, at room temperature, while the 
ratio was of 1g freeze-dried biomass for 10 ml solvent. The extract was separated after 24 hours 
through filtering, with Whatman no. 1 paper. The perfectly clear solution was freeze-dried with 
the same Alpha 1-2 LD freeze-dryer and it was tested at a 10 mg/ml concentration (Gregori et 
al., 2007; Akyuz and Kirbag, 2009; Chirinang and Intarapichet, 2009; Jagadish et al., 2008).  
Determining the total antioxidant activity. The antioxidant activity was measured by 
determining the bonding ability of the free radical 1, 1–diphenyl–2–picrylhydrazyl (DPPH), 
based on the method used by Chirinang [5]. 0.05 ml of extract was mixed with 1.95 ml DPPH 
0.01% alcohol solution. After 45 minutes, the absorbance at 515 nm was read (Iwalokun et al., 
2007; Jagadish et al., 2008).  
Determining the total content of phenols. The phenols’ content was determined by 
the Folin–Ciocalteu method. The extract (10 mg/ml) was mixed with 5 ml Folin–Ciocalteu 
reagent (diluted with 1/10 distilled water). The mixture also included 4 ml 7.5% Na 
carbonate. The mixture was stirred for 5 seconds and afterwards it was incubated for 30 
minutes at 40oC. The absorbance at 765 nm was read at Helios spectrophotometer. The total 
phenols content was expressed as the mg/g equivalent of the gallic acid (Solonko and 
Eliseeva, 1988; Jagadish et al., 2008).  
Determining the reduction power. The reduction power was determined through the 
method described by Jeng-Leun [12]. In a test tube, 2.5 ml extract (10 mg/ml) were mixed 
with 2.5 ml phosphate buffer, pH 6.6 and 2.5 ml K3[Fe(CN)6] (10 mg/ml), then the mixture 
was inserted in the incubator for 20 minutes at 50oC. Then, 2.5 ml trichloroacetic acid 100 
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mg/ml were added, while the mixture was centrifuged at 2500 rpm, for 10 minutes. The upper 
layer was mixed with 5 ml ultrapure water and 1 ml FeCl3 1 mg/ml, while the absorbance was 
measured at 700 nm with a Helios spectrophotometer. According to the method, a high 
absorbance indicated a higher reduction power (Iwalokun et al., 2007; Jagadish et al., 2008).  
Determining the antimicrobial capacity. For tests, Escherichia coli CBAB 2, Bacillus 
cereus CMGB 215, Listeria innocua CMGB 218, Staphylococcus aureus ATCC 6588, 
Pseudomonas aeruginosa ATCC 15442, Candida albicans ATCC 20231, Candida sp. ICCF 
15 strains were used. Each strain was inoculated separately (106 UFC/ml) in a Petri dish on 
which LB/YPG agarised medium was poured. 20 µl of extract were added and the dish was 
kept 30 minutes to absorb the extract. Then it was inserted in the thermostat, at 28–30oC, for 
24 hours. The generated inhibiting areas of the microorganisms were analyzed with the 
specialized software of Colony Quant (Mau et al., 2005; Vamanu et al., 2010).  
 
RESULTS AND DISCUSSION 
 
The first stage of the submerged cultivation experiments was performed using the two 
mushrooms strains from the species Pleurotus ostreatus M2191 and PQMZ91109. The effects 
of the carbon source and of agitation on obtaining biomass were pointed out. In order to find 
the appropriate carbon source to obtain fungal biomass, there have been used pure cultures of  
Pleurotus ostreatus M2191 and PQMZ91109.  The inoculum was obtained by cultivating 
each strain in a medium with 2% malt extract and 2% peptone, without carbon source. The 
tests were performed by using glucose, sucrose and lactose in a concentration of 2%, at 
agitation speeds ranging between 0-250 rpm.  
Among the performed studies, it was noticed that for the strain Pleurotus ostreatus 
M2191, the most productive carbon source was glucose, at an agitation speed of 150 rpm 
(Fig. 1). For the other agitation values, the results were significantly lower, even for lactose 
and sucrose. In order to increase agitation by 50 to 100 rpm, the decrease of the biomass 
quantity was included in the range 53-55%, in the presence of glucose. Decreasing agitation 
speed by 50 rpm caused a reduction of the biomass quantity by approximately 49%. Note 
should be made that in the presence of the other two carbon sources, the maximum biomass 
quantity was obtained at 150 rpm as well. The quantity was by 13.7% lower for sucrose and 
11.8% for lactose.  
 
  
 
 
Fig. 1. The fresh cell biomass quantity after cultivating Pleurotus ostreatus M2191  
with 2% glucose, sucrose, lactose 
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The Pleurotus ostreatus PQMZ91109 strain had a maximum accumulation of biomass 
at 150 rpm, but in the presence of sucrose as carbon source. At other agitation values, the 
biomass quantity was lower, except for the presence of sucrose, which caused a biomass 
accumulation at the increase by 100 rpm of the agitation. The obtained values did not exceed 
the maximum of 6 g/l, obtained at 200 rpm, in the presence of lactose. It represented only 
84% of the maximum accumulated quantity, of 19.04 g/l, in the presence of 2% sucrose. 
Decreasing the agitation speed determined an average accumulation of 37.5% (Fig. 2).  
 
 
 
 
Fig. 2. The fresh cell biomass quantity after cultivating Pleurotus ostreatus PQMZ91109  
with 2% glucose, sucrose, lactose 
  
 
The influence of the carbon concentration, respectively of glucose for the Pleurotus 
ostreatus M2191 strain is presented in Figure 3. The maximum biomass quantity, of 41.11 
g/l, was obtained for a 15% glucose quantity in the medium. The increase beyond this value 
of the glucose quantity determined a strong inhibition of the mushroom growth in submerged 
cultivation. By doubling the glucose quantity in the base medium, from 5 to 10 g/100 ml, it 
resulted an increase of the accumulated biomass quantity in the submerged culture of merely 
15.81%.  
 
 
 
Fig. 3. The fresh cell biomass quantity after cultivating Pleurotus ostreatus M2191 
if 2, 5, 10, 15 and 20% glucose were used 
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For Pleurotus ostreatus PQMZ91109 (Fig. 4), there resulted a maximum of 28.88 g/l, 
in the presence of a concentration of 10% sucrose. The decrease by 5 % of the sucrose 
concentration determined a biomass accumulation by 26.9% smaller. An increase by 5% of 
the sucrose concentration in the culture medium determined a decrease of the accumulated 
biomass quantity. In this case, the quantity lowered by 58.44%, the strain being more 
sensitive at higher concentrations of the carbon source.   
 
 
 
Fig. 4. The fresh cell biomass quantity after cultivating Pleurotus ostreatus PQMZ91109 
if 2, 5, 10, 15 and 20% sucrose were used 
  
 
The second phase of the study consisted in the obtaining of the extracts from the 
freeze-dried biomass of the two fungi strains. Once the carbon source and its concentration 
were established, the two strains were cultivated, in order to obtain biomass, in 1 l Erlenmeyer 
flask, with 500 ml of culture medium. After 10 days of cultivation, the biomass was isolated 
through centrifugation (about 200 g of wet biomass for each strain) and it was freeze-dried 
whithout the cryoprotector agent in order to increase the extraction capacity. The freeze-dried 
product was submitted to ethanol and methanol extraction and each used strain and solvent 
resulted in about 35 ml of extract. 
 
 
 
Fig. 5. The antioxidant activity of the extracts from Pleurotus ostreatus M2191  
and Pleurotus ostreatus PQMZ91109 freeze-dried biomass 
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The use of an extract concentration of 10 mg/ml revealed that ethanol was the most 
appropriate solvent for the strain M2191 and methanol for PQMZ91109. By using methanol, 
the PQMZ91109 strain had an antioxidant activity of 47.04%, which is approximately 17% 
smaller than when using ethanol as solvent. It was approximately 0.5% higher than the one 
obtained from using extract of Pleurotus ostreatus PQMZ91109 biomass with the same 
solvent (Fig. 5). When using ethanol, the Pleurotus ostreatus PQMZ91109 strain had an 
antioxidant activity of 21.8%, which is only 53% smaller as to the one of the biomass freeze-
dried product of Pleurotus ostreatus M2191. Although it was demonstrated that methanol 
extracts have a lower antioxidant activity  (Mau et al., 2005) of maximum 20%, freeze-drying 
biomass without protection agent caused a better preservation of the biologically active 
compounds. Furthermore, the value of the antioxidant activity of the ethanol extract for 
M2191 was by 27.74% higher than in case of vitamin E and by 14% smaller than in case of 
BHT, both in a concentration of 1 mg/ml.  
 
 
 
Fig. 6. The phenols quantity of the extracts from Pleurotus ostreatus M2191  
and Pleurotus ostreatus PQMZ91109 freeze-dried biomass 
 
 
Although it is considered that the reduction power increases according to the extract 
concentration used in the studies, it firstly depends upon the strains and the solvent. In case of 
Pleurotus ostreatus M2191, the reduction power was higher, on average, than for Pleurotus 
ostreatus PQMZ91109, by 22.42% for the ethanol extract and by 15.94% for the methanol 
extract (Fig. 7). For both strains, the ethanol extract had a higher reduction power than the 
methanol extract, by approx. 16.27%. According to the literature data, the two strains have 
reduction power values similar to the studies of Vamanu et al. (2011). They are also 
confirmed by the antioxidant activity of the obtained extracts.  In accordance with the data 
provided by Chirinang and Intarapichet, 2009, phenol compounds are dominant in 
mushrooms extracts from Pleurotus strains.  The average value of phenols quantity in ethanol 
extracts was by approx. 17% higher than the one from methanol extract for the Pleurotus 
ostreatus M2191 strain, i.e.~34.78 mg/ml equivalent of gallic acid (Fig. 6). For the Pleurotus 
ostreatus PQMZ91109 strain the obtained value was by approx. ~6.7% higher, of 21.48 
mg/ml equivalent of gallic acid, in case of methanol. As compared to the values obtained in 
case of other alcoholic extracts from the same strains (Khandakar et al., 2008), the obtained 
results range within the limits provided by Vamanu et al., 2011.   
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Fig. 7. The reduction power of the extracts from Pleurotus ostreatus M2191  
and Pleurotus ostreatus PQMZ91109 freeze-dried biomass  
 
Tab. 1 
The antimicrobial effect of the extracts from Pleurotus ostreatus M2191 and 
Pleurotus ostreatus PQMZ91109 freeze-dried biomass (inhibition area diameter –cm) 
 
Pleurotus ostreatus M2191 Pleurotus ostreatus PQMZ91109 Sensitive strain 
Ethanol Methanol Ethanol Methanol 
Escherichia coli CBAB 2 1.25 1.0 0.7 1.0 
Bacillus cereus CMGB 215 1.4 1.4 0.5 0.7 
Listeria innocua CMGB 218 2.5 1.7 0,2 0,4 
Staphylococcus aureus ATCC 6588 2.4 1.2 0,6 0,8 
Pseudomonas aeruginosa ATCC 15442 1.6 1.1 0.7 0.7 
Candida albicans ATCC 20231 2.3 2.0 1.0 1.0 
Candida sp. ICCF15 2.4 2.0 1.0 1.1 
 
The antibacterial effect of the ethanol and methanol extracts from the two species of 
Pleurotus ostreatus was tested against five Gram-positive and Gram-negative strains, and 
against two Candida strains. According to Table 1, the ethanol extract had a better effect than 
the methanol ones, for M2191. For PQMZ91109 it was pointed out that the methanol extract 
had a more significant antimicrobial activity. The ethanol extract of Pleurotus ostreatus 
M2191 had a maximum inhibition area diameter of 2.4–2.5 cm, against Listeria innocua 
CMGB 218, Staphylococcus aureus ATCC 6588 and the other two strains of Candida. In 
exchange, the methanol extract from freeze-dried mass of Pleurotus ostreatus PQMZ91109 
had a maximum antibacterial effect against Escherichia coli CBAB 2 and the two Candida 
strains.    
CONCLUSIONS 
 
The parameters for liquid medium cultivation complied, in conclusion, with the data 
provided by the specialized literature, for the Pleurotus species, in order to obtain biomass.  
The carbon source, its concentration and the obtained quantity were in concordance with the 
data provided by Marian et al. (2010), Maziero et al. (1999). During the cultivation, it was 
also noticed that each culture had its own characteristics. Pleurotus ostreatus M2191 was 
obtained as aggregates of medium size, with regular shape and size. Pleurotus ostreatus 
PQMZ91109 was obtained as small, regular size aggregates.   
Thus, alcoholic extracts of Pleurotus ostreatus M2191 and Pleurotus ostreatus 
PQMZ91109 contain an average quantity of antioxidant compounds which is more significant 
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for the M2191 strain. Note should be made that the filtrate resulting from the separation of 
biomass had no antioxidant activity and contained no polysaccharides. The lack of these 
characteristics may be influenced by the culture medium composition. In exchange, it was 
noticed that the freeze-dried extracts contained phenol compounds, which determined 
antioxidant activity as well. The antimicrobial effect of the two types of extracts is correlated 
to the researches carried out by Jagadish et al., in relation to the ethanol extract of the M2191 
strain. Thus, using freeze-dried extracts from edible mushrooms may determine the protection 
of the human body against the effects of free radicals.   
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